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The normalized protein catabolic rate is a flawed marker of nutrition in
CAPD patients. For both hemodialysis and CAPD patients nutrition has
been linked to mortality. Protein calorie malnutrition is present in 20 to
40% of CAPD patients. The normalized protein catabolic rate (NPCR),
has been proposed as a useful measure of dietary protein intake and
ultimately nutrition. However, the NPCR value has not been consis-
tently predictive of outcome in CAPD patients. We have performed a
cross sectional study on 147 clinically stable CAPD patients, who had a
mean dialysis duration 22 months, to evaluate the relationship between
the NPCR and conventional markers of nutrition. The NPCR was
significantly correlated with normalized models of dialysis adequacy
including KT/V (urea), total weekly creatinine clearance and the
dialysis index. A significant negative correlation was found between
individual anthropometric measures and the NPCR. Using a composite
nutritional index to nutritionally categorize our population we found a
significantly higher NPCR value in the severely malnourished group.
The unadjusted protein catabolic rate (PCR) was significantly correlated
with individual nutritional measures and was significantly greater in the
well-nourished group. The NPCR, obtained by dividing the PCR by
body weight (itself a nutritional measure), is lowest in well-nourished or
obese patients, and thus as a marker of nutrition may be flawed. The
PCR has nutritional relevance, however, adjusting its value to take into
account patient size will require prospective evaluation of the influence
of small solute removal on body composition.
Malnutrition and its recognition has assumed increasing
importance in the management of dialysis patients. The preva-
lence of protein-energy malnutrition has been reported in 20 to
40% of hemodialysis and CAPD patients with a third of these
being severely depleted [1]. The link between mortality and
nutrition has been shown for hemodialysis [2], and suggested by
the predictive effect of low serum albumin on mortality in
CAPD [3]. Despite the lack of a consensus on the definition of
malnutrition some authorities now advocate the use of the
protein catabolic rate normalized to dry weight, (NPCR), as a
means of monitoring the nutritional status of dialysis patients
based on its correlation with the normalized dietary protein
intake [4]. The NPCR is easier to obtain than a prospective
dietary history, and some authorities claim it to be more
accurate in monitoring protein intake [5]. Furthermore, its
correlation with KT/V(urea) would appear to suggest a substan-
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tial role for dialysis dose in determining protein intake and
ultimately nutrition in such patients [6].
For hemodialysis patients the NCDS study has implied that
the NPCR is an important predictor of outcome [7]. However,
studies in CAPD patients have failed to consistently show a
relationship between the NPCR, morbidity and mortality [3,
8—10].
The purpose of this study is to evaluate the relationship
between NPCR and models of dialysis adequacy and between
the NPCR and conventional nutritional measures including a
carefully performed three-day dietary history.
Methods
Patients
One hundred and forty-seven patients (85 male, 62 female,
mean age 51, range 19 to 79) from a population of 218 agreed to
participate in this study entailing dialysis and nutritional assess-
ment. They had been on CAPD for a mean of 22 months, (range
3 to 113 months). The distribution of time on dialysis was as
follows: 50% had been on CAPD for 3 to 15 months, 21%
between 15 and 27 months, 10% between 27 and 39 months, 8%
between 39 and 51 months, 4% between 51 and 63 months, 3%
between 63 and 75 months, and 4% between 75 and 113 months.
The patients were clinically stable, there was no history of
infection or hospital admission in the month prior to assess-
ment. The underlying renal diseases were: glomerulonephritis
(37), unknown etiology (29), chronic pyelonephritis (22), hyper-
tension/renovascular disease (17), diabetes mellitus (17), poly-
cystic kidney disease (14), obstructive uropathy/renal stone
disease (5), hypoplastic kidneys (5), and cortical necrosis (1).
The patients presented to an investigation ward on the day of
assessment with a 24 hour collection of dialysate and urine.
Blood was drawn at the end of the collection period and the
patients proceeded to a formal peritoneal equilibration test and
detailed anthropometric assessment.
Assessment of the NPCR
The protein catabolic rate was calculated using three tech-
niques. (Appendix 1).
(1.) Randerson formula. This method involves the direct
measurement of the 24 hour dialysate and urine urea appear-
ance rate to which is added a value for the estimated dialysate
protein losses. This sum is subsequently adjusted to obtain the
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PCR by a function based on a linear correlation between the
urea appearance rate and total nitrogen output established in a
CAPD population [5].
(2.) Modified Borah formula. This method adds the measured
dialysate protein loss to the measured urine and dialysate urea
appearance rate. The latter is adjusted to obtain the PCR by a
function of the linear correlation between urea appearance rate
and the PCR calculated from nitrogen mass balance measure-
ments in hemodialysis patients [11].
(3.) Teehan formula [12]. Measured dialysate and urine urea
nitrogen loss is added to estimated values for dialysate protein
and amino acid nitrogen loss and other non-urea nitrogen loss
(by other routes). The total nitrogen loss is then converted to
grams of protein per day by multiplying by 6.25.
Two methods were used to normalize the PCR to g/kglday.
(1.) The PCR value was divided by the patient's dry body
weight (kg). This is the weight of the patient with the perito-
neum free of dialysis fluid; NPCR (dry weight) [6].
(2.) The PCR was normalized for an idealized body weight
which was calculated by dividing the total body water by 0.58.
[8]; NPCR (V/0.58). The Watson nomogram, which takes into
account age, sex, height and weight of the patient, was used to
calculate total body water for this purpose.
Assessment of dialysis dose
Dialysis dose was expressed in two ways: (a) as actual
clearance of urea and creatinine (dialysate and urine) calculated
in mi/mm. The value was extrapolated to liters/week to facili-
tate comparison with data from the literature [13]; (b) as
normalized clearance: total weekly creatinine and urea clear-
ance normalized to body surface area and total weekly KT/
V(urea) (Appendix 1).
Nutritional assessment
Patient's nutritional status was evaluated using both direct
and derived measures of body composition. Skinfold thickness
(Harpenden caliber, British Instruments, Ltd.) was measured at
four sites (triceps, subscapularis, biceps, and supra iliac). Mid
upper arm circumference was measured using an inelastic metal
tape. All anthropometric measures were performed by one
observer (JH). Anthropometric values for dry weight, triceps
skinfold thickness, subscapular skinfold thickness and derived
bone free arm muscle area were compared to reference popu-
lation percentiles based on an American population classified
according to sex, age, height and frame size [15]. Frame size
was calculated using a Harpenden calliper to measure elbow
diameter. Body fat and lean body mass were estimated from the
sum of four skinfold thickness by the method of Durnin and
Womersley [16]. The clinical technique of subjective global
assessment (SGA) was used to categorize patients into well-
nourished, moderate and severely malnourished states [17].
Visceral protein status was assessed by measurement of total
protein, albumin, prealbumin and transferrin.
The composite nutritional index
A composite nutritional index was derived from anthropo-
metric and protein values, SGA categorization and is based
upon existing criteria for nutritional classification of a study
population [18]. The eight individual parameters (all based upon
validated reference scales), encompass objective comparative
Table 1. The composite nutritional index
Score 0 Score I Score 2 Score 3
S.G.A category A B C —
% Reference weight >90 80—89 70—79 <70
Body mass index male >21 20—20.9 19—19.9 <19
Body mass index female >20 19—19.9 18—18.9 <18
Dry weight percentile >15 10—15 5—10 <5
Triceps skinfold percentile >15 10—15 5—10 <5
Subscapular skinfold percentile >15 10—15 5—10 <5
Arm muscle area percentile >15 10—15 5—10 <5
Albumin glliter >35 30—34.9 25—29.9 <25
Abbreviations are: S.G.A, subjective global assessment technique
[17]; % Reference weight, patient's dry weight expressed as a percent-
age of individual comparative reference weight at 50th percentile [15].
assessment of muscle and fat stores, subjective clinical grading
and biochemical categorization of nutritional state. This permits
a more comprehensive nutritional classification of a study
population than a single nutritional measure. This index uses a
scoring system similar to that of Marckmann [19]. The scoring
range was 0 to 23. For the purpose of contrasting nourished and
malnourished patients the composite nutritional index was used
to identify patient extremes. A score of 0 indicates well-
nourished patients, with no evidence of malnutrition in any of
the eight individually validated parameters while a score of 11
or greater defines patients with severe malnutrition. The value
of 11 in all cases reflects a deficit in five or more of the eight
parameters. Details of the index are shown in Table 1.
Dietary histories
Following an interview by the research dietician (JC), a
prospective three day dietary history was undertaken within
two weeks of the clinical assessment, using a self completed
food diary. Dietary protein and calorie intake was calculated
using a Microdiet computer program. One hundred and twenty-
one dietary histories were available for analysis.
Statistics
Results are expressed as mean sv where relevant. Corre-
lations were measured using Pearson's correlation coefficient.
Differences between groups were measured using unpaired two
tail t-tests. Significance was assumed at a P value of less than
0.05.
All patients gave informed consent. This study received
ethical approval.
Results
Dialysis dose
The majority of patients (119) were on an 8 liter daily
prescription. Fifteen patients received a 6 liter prescription.
Seven received a 7.5 liter prescription, two received a 10 liter
prescription and two received a 9.5 liter prescription. The
remainder received 7, and 5.5 liters respectively. The average
daily ultrafiltrate was 555 ml SD 558, (range 803 to 1858 ml).
PCR values
Values for the protein catabolic rate were calculated using the
three formulae described above. The mean, SD, and range of
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Mean sn Range
Randerson PCR 56.3 13.9 3 1.1—94.3
Modified Borah PCR 48.8 14.9 20.3—93.3
Teehan PCR 47.8 9.8 29.3—72.5
Protein catabolic rate
(normalized to dry
weight)
Randerson NPCR 0.86 0.20 0.48—1.39
Modified Borah NPCR 0.75 0.21 0.29—1.31
Teehan NPCR 0.73 0.12 0.50—1.04
Protein catabolic rate
(normalized to V/0.58)
Randerson NPCR 0.93 0.20 0.52—1.55
Modified Borah NPCR 0.80 0.20 0.38—1.35
Teehan NPCR 0.79 0.12 0.54—1.17
values are shown in Table 2. A high degree of internal correla-
tion was noted between the individual measures of the PCR (r =
0.887 to 0.969).
There was a significant correlation between dietary protein
intake and the three measures of PCR (r = 0.42 to 0.45, P <
0.0001).
NPCR values
The mean, SD and range for PCR normalized to dry weight
and by the volume of distribution for urea is shown in Table 2.
Dietary protein intake, normalized to both dry weight and
total body water divided by 0.58, correlated significantly with
NPCR (dry weight), r = 0.46 to 0.51) and NPCR (V/0.58) (r =
0.29 to 0.38).
For the ensuing results the value for PCR is calculated from
the Randerson technique and the PCR is normalized to patient
weight without dialysis fluid; NPCR (dry weight).
NPCR and indices of dialysis adequacy
Figure 1 shows the association between NPCR and KT/V
(urea). A significant positive correlation exists (r = 0.54, P <
0.0001).
The NPCR was also found to significantly correlate with the
dialysis index (r = 0.56), the total weekly creatinine clearance
(r = 0.42), and total urea clearance, both normalized to body
surface area (r = 0.57).
Nutritional distribution of population
The composite nutritional index was used to categorize the
study population. The distribution of the study population in
terms of their composite nutritional index scores is shown in
Figure 2. The population values ranged from 0 to 20 and were
bimodally distributed. The median value was 2. The interquar-
tile range between the 25th to 75th centile was 0 to 6.75.
Twenty-five patients (17%) appeared to arise from a separate
population at the malnourished end of the spectrum. They
scored a value of 11 or greater and represent severe malnutri-
tion. Patients who were not severely malnourished all scored 9
or less. All 25 severely malnourished patients had a nutritional
deficit in at least five of the eight composite categories. When
the population was categorized separately by means of the
percentile distributions for body weight, triceps, subscapular
skinfold thickness or arm muscle area, 16 to 20 patients (13 to
16%) were shown to be severely malnourished according to
these individual values falling at or below the 5th percentile for
a standard reference population.
NPCR and nutrition
A significant negative correlation was observed between
individual anthropometric measures of body composition and
the NPCR (dry weight) (Table 3).
No significant correlation was noted between the NPCR (dry
weight) and serum albumin (r = 0.12, P NS).
To assess the ability of the NPCR (dry weight) to differentiate
between nourished and malnourished patients we used the
composite nutritional index to identify 71 patients comprising
two groups; a well-nourished cohort of 46 patients with a score
of 0, who had no evidence of any deficit in the eight nutritional
measures used in the nutritional index, and a severely malnour-
ished group of 25 patients. The latter had evidence of moderate
to severe depletion in at least five of the eight parameters used
in the nutritional index, and had a score greater than 11. Table
4 shows the demographic and nutritional parameters for this
group of patients. There was no significant difference between
the two groups in terms of age, gender or dialysis duration.
Table 2. Values for the three methods of calculating the protein
catabolic rate and the normalized protein catabolic rate
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Fig. 1. Plot of Total Weekly KT/V (urea) against NPCR. N 147. Y =
0.39 + 0.26X, r2 = 0.29; r = 0.56; P = 0.0001.
Composite nutritional index scores
Fig. 2. Frequency histogram demonstrating the distribution of the
composite nutritional index scores for the study population. A score of
11 or greater indicates a deficit in 5 or more of the 8 nutritional
parameters.
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Correlation
Mean sn Range NPCR PCR
Weight kg
Triceps skinfold mm
Subscapular skinfold mm
Mid upper arm circ. cm
Arm muscle area cm2
Fat kg
Lean body mass kg
Albumin glliter
Pre-albumin gluIer
Transferrin glliter
66.4
14.6
15.2
29.3
40.9
17.9
48.5
36.8
41.2
2.5
14.4
6.6
7.7
4.2
12.7
7.7
10.1
4.3
11.7
0.45
37.3—117.4
4.1—35.8
2.9—38.3
19.4-40.3
13.5—81.9
2.2—45.8
28.4—74.2
26—52
20.6—81
1.21—3.58
—0.37
—0.32
—0.33
—0.27
NS
—0.39
—0.22
NS
0.23
NS
0.60
NS
0.18
0.44
0.51
0.23
0.53
0.29
0.30
0.23
P
Parameter Nourished Malnourished value
71 Patients with a composite nutritional score of 0 and >10
Number 46 25
Sex M=28, M=l5,F=l8 F=10
Age years 52 (15) 49 (15) NS
Dialysis duration months 20 (16) 21(19) NS
Dry weight kg 79 (11) 52.5 (9) 0.0001
Total creatinine 8964 (2778) 6523 (2001) 0.0002
appearance JiM/liter
Pre-albumin g/liter 45 (14) 35 (9) 0.0018
Transferrin g/liter 2.6 (0.5) 2.25 (0.4) 0.0022
PCR g/day 63.3 (13.9) 48.5 (10) 0.0001
NPCR (dry weight) 0.81 (0.19) 0.91 (0.19) 0.016
g/kg/day
NPCR (Vl0.58) g/kg/day 0.95 (0.22) 0.90 (0,17) NS
NPCR (ideal body weight) 0.90 (0.34) 0.70 (0.12) 0.0055
g/kg/day
57 Patients with a composite nutritional score of 0 and >10:
prescribed 8 liters/day
Number 39 18
Sex M=23, M=13,F=16 F=5
Age years 50 (15) 50 (15) NS
Dialysis duration months 21(17) 19 (19) NS
Dry weight kg 78.5 (12) 54 (9) 0.0001
Total creatinine 9070 (2749) 6868 (2132) 0.004
appearance JiM/liter
Pre-albumin g/liter 46.2 (13) 36.6 (11) 0.01
Transferrin g/liter 2.6 (0.5) 2.2 (0.4) 0.0014
PCR g/day 64.5 (14) 51.4 (9) 0.0002
NPCR (dry weight) 0.84 (0.19) 0.96 (0.2) 0.02
kg/day
NPCR (V/0.58) g/ kg/day 0.97 (0.22) 0.92 (0.18) NS
NPCR (ideal body weight) 0.93 (0.36) 0.71 (0.13) 0.0149
g/ kg/day
Both dry weight and total creatinine appearance (reflecting lean
body mass) were significantly greater in the well-nourished
group. Similarly values for prealburnin and transferrin were
significantly higher in the well-nourished population.
The mean NPCR (dry weight) for this population of 71
patients was 0.86 g/kglday (sD 0.2) with a range of 0.48 to 1.33.
The mean NPCR (dry weight) value for the 46 patients in the
well-nourished group was 0.81 g/kg/day (SD 0.19) while the
group of 25 severely malnourished patients had a greater NPCR
(dry weight) of 0.91 g/kglday (SD 0.19). This result was statisti-
cally significant (P = 0.016).
No significant difference was found between the two groups
in terms of the mean NPCR (V/0.58).
To avoid the potential bias created by the occasional practice
of empirically adjusting dialysis bag volume or frequency to
patient size, only those patients prescribed the standard 4 x 2
liter prescription were included in a further analysis. Of the 71
patients identified above 57 patients were receiving a standard 4
x 2 liter CAPD prescription. The mean NPCR (dry weight) for
this group of 57 patients was 0.88 g/kg/day (± 0.21), with a
range of 0.48 to 1.33. Table 4 shows demographic and nutri-
tional values for this group. The well-nourished group had
significantly greater dry weight, total creatinine appearance,
prealbumin and transferrin values. No difference was found
between the two groups in relation to age, sex or dialysis
duration. Thirty-nine of these patients were well-nourished and
18 severely malnourished. As shown in Table 4 and Figure 3,
the severely malnourished group had a significantly greater
mean NPCR (dry weight) value (0.97) compared to the well-
nourished group (0.84; P = 0.02).
The use of (V/0.58) to normalize the PCR resulted in no
significant difference between the well-nourished and severely
malnourished groups.
NPCR normalized to ideal body weight and nutrition
The PCR was also normalized to ideal body weight, calcu-
lated from the 50th centile for weight, obtained from the
NHANES tables [15]. For the 147 study population the mean
value for NPCR (ideal body weight) was 0.81 g/kg/day, SD =
0.24, range = 0.5 to 2.82. In contrast to the PCR normalized to
dry weight, there was a weak but significantly positive correla-
tion between the NPCR (ideal body weight) and some nutri-
tional measures (arm muscle area, SGA, albumin, prealbumin,
transferrin and the composite nutritional index score; r =0.17
to 0.24, P < 0.05).
Comparison of the well-nourished and severely malnourished
populations described in Table 4 revealed a significantly greater
NPCR (ideal body weight) in the well-nourished populations.
TabLe 3. Values for individual nutritional measures and their degree
of correlation with the PCR and NPCR 1.4 -
1.2 -
. 1.0-
0.8-
0.6-
00 0.4-
0.2
0.0
Significance values are: r = 0.16, P = 0.05; r = 0.21, P = 0.01, r =
0.27, P = 0.001.
Table 4. Comparisons of nourished and severely malnourished
patients in relation to PCR and NPCR
Nourished Malnourished
(td=39) (N=18)
Fig. 3. Comparison of mean NPCR values between nourished and
severely malnourished groups in patients receiving a homogenous 4 x
2 liter dialysis prescription. P = 0,0007.
Figures in parentheses indicate standard deviation values.
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PCR and nutrition
When the PCR value was related to individual measures of
nutrition, a significant positive correlation was observed with
both anthropometric indices and serum albumin (Table 3). A
greater correlation was observed with measures of muscle mass
(r = 0.51 to 0.53, P < 0.0001) than with individual measures of
fat (r = 0.23, P < 0.01).
There was a significant correlation between individual values
for PCR and composite nutritional index scores (r = 0.32, P <
0.001).
We then compared the PCR values in the two groups at the
extreme ends of the nutritional spectrum. The 46 well-nour-
ished patients had significantly greater mean PCR value (63.3
g/day, so 13.9) than the malnourished group (48.5 glday so =
10; P = 0.0001).
When this analysis was performed on the two groups of
patients receiving a homogeneous dialysis prescription of 4 X 2
liters per day there was again a significantly greater PCR value
in the nourished group (64.5 glday) compared to the severely
malnourished cohort (51.4 g/day) identified by the composite
nutritional index (P = 0.0002; Fig. 4).
Dietary protein intake and dialysis
From the 121 completed food diaries the mean dietary protein
intake (DPI) was 65.7 g/day (SD 15.5) with a range of 36.8 to
112.3. The mean normalized dietary protein intake (NDPI) was
1.02 g/kglday (SD 0.27 range 0.52 to 1.75). There was a signifi-
cant positive correlation between the actual dietary protein
intake (calculated from the 3 day dietary histories), the actual
PCR (r = 0.48, P < 0.001), and the total unadjusted urea (P <
0.001) and creatinine clearance (r = 0.35, P < 0.001). No
significant correlation was noted between the DPI and the total
creatinine clearance adjusted for body surface area. A weak
correlation existed between the DPI and total urea clearance
normalized to body surface area.
When the DPI was related to the KT/V (urea) no significant
correlation was observed (r =
—0.07). Normalizing the DPI to
patient weight did produce a significant correlation with the
KT/V (urea) (r = 0.25, P < 0.01).
Discussion
We have previously discussed the relationship between dial-
ysis dose and measures of nutrition in this group of 147 patients
[20]. Having failed to show a positive correlation between
normalized dialysis dose and nutritional markers, we thus
addressed the issue of normalization of the protein catabolic
rate. The NPCR has become increasingly advocated as a
measure of nutritional and prognostic importance in dialysis
patients [4]. This role for the NPCR as a marker of nutrition
stems from studies demonstrating that the protein catabolic rate
is linearly related to the urea generation rate and thus dietary
protein intake [21]. However, the practice of adjusting the PCR
by body weight to create a normalized PCR value is simply
traditional and has not been clinically validated [22]. We
question this adjustment of the PCR value in light of the failure
of the NPCR to reflect conventional parameters of nutrition in
cross sectional analyses of both hemodialysis [23], and CAPD
practice [8, 24]. In our study we have chosen to assess the
NPCR in relation to conventionally accepted markers of nutri-
tion and, in addition, its ability to differentiate extreme states of
nutrition.
The mean value for NPCR was comparable to other pub-
lished work on CAPD patients as was the degree of correlation
with the normalized dietary protein intake (r = 0.5) [3, 6, 8, 25].
One hundred and thirty-five patients (91.8%) had a NPCR value
less than the recommended 1.2 g/kg/day [6]. This figure is based
on nitrogen balance studies and has not been validated with
respect to clinical outcome. Our data question the relevance of
the NPCR as a measure of nutrition. The finding of significantly
negative correlations with individual measures of body compo-
sition coupled with the extremely malnourished cohort having a
significantly higher NPCR value points to a potential flaw in the
normalizing component—in this instance dry weight. When
these data were re-analyzed using weight calculated by the
volume of urea distribution divided by 0.58 as the normalizing
factor, no correlation was noted with measures of body com-
position and no significant difference was observed between the
nourished and malnourished groups. In contrast, the urea
generation rate and thus the actual PCR do in fact relate to
anthropometric measures of muscle mass, albumin, and the
composite nutritional index scores. It would appear that the
adjustment of the PCR value to take into account patient size
creates a mathematical bias against seemingly well-nourished or
obese patients. Though patient mass and in particular muscle
bulk appear linked to the PCR, the relationship does not
validate the direct factoring of the PCR by size to create a
NPCR value with nutritional meaning.
The use of ideal body weight to normalize the PCR does
produce a significant but weak correlation with certain mea-
sures of nutrition. The NPCR (ideal body weight) is also
significantly greater in the well-nourished cohort. However, the
validity of using ideal body weight remains questionable, and
the positive association between nutrition and NPCR (ideal
body weight) may simply reflect the effect of the change in the
denominator rather than the PCR itself. The usefulness of this
method of normalizing the PCR remains to be tested in pro-
spective studies.
In hemodialysis a similar problem created by the factoring of
the PCR by a nutritional variable can be seen in data from the
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(N=39) (N=18)
Fig. 4. Comparison of mean PCR values between nourished and
severely malnourished groups in patients receiving a homogenous 4 x
2 liter dialysis prescription.
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NCDS study [23]. On the basis of the observed correlation
between the normalized protein catabolic rate and the normal-
ized dietary protein intake (r = 0.44), it had been concluded that
the NPCR was a valid marker of nutrition. However, in this
study there was no significant correlation between anthropo-
metric measures of nutrition and the NPCR [23]. Furthermore,
there was no evidence to link morbidity and clinical outcome to
dietary protein intake, anthropometry nor serum albumin. In
contrast, underlining the influence of the normalizing compo-
nent, the urea generation rate and the actual PCR did correlate
with both anthropometric measures and study outcome [26].
The nutritional factor built into the NPCR may explain why, in
a subsequent re-analysis of the NCDS study, there was no
statistically significant difference in the average NPCR value
between those who successfully completed the study and those
who failed [27].
For both hemodialysis and CAPD a low serum albumin, as a
marker of malnutrition, has been shown to strongly predict
mortality [2, 3]. The ability of the NPCR to predict serum
albumin is variable. Some studies [28, 29] have reported signif-
icant correlation's ranging between 0.27 to 0.50. In our study of
147 patients, we found no relationship between the NPCR and
serum albumin confirming studies in CAPD patients by Blake et
a! [8], Teehan et a! [3], and Brandes et al [10], and in hemodi-
alysis patients in the NCDS study. Our data do, however,
reveal a significant correlation between the actual PCR and
albumin (r = 0.29, P < 0.001).
The majority of studies on CAPD patients report no signifi-
cant link between morbidity, mortality and the NPCR [3, 8—10].
In only one published, largely retrospective study, has an
association been claimed between a low NPCR and increased
mortality [29]. However, the NPCR value was not directly
measured but calculated by means of a regression equation
from the correlation between NPCR and serum albumin in 25
patients, and this value was not an independent predictor of
mortality.
Based on significant positive correlations with dietary protein
intake, anthropometry and visceral protein status, we believe
the PCR to be a valuable nutritional measure in clinically stable
CAPD patients. From our cross sectional study we can find no
evidence to support the direct adjustment of the PCR value by
these measures of patient size. While we implicitly believe that
the targets for protein intake should take patient size into
account, there is as yet no evidence to support any given
normalizing factor for the PCR. This will require a prospective
interventional study.
In summary, this study has shown that normalizing the
protein catabolic rate by these measures of size results in values
which are inversely proportional to anthropometric measures of
nutrition and which do not correlate with serum albumin. We
believe that this mathematical bias against well-nourished or
obese patients may invalidate the normalized protein catabolic
rate as a measure of nutrition. By virtue of the "normalizing
factor" it is the most severely malnourished patients who have
the higher NPCR values. This may explain the failure of the
NPCR to predict both a good nutritional state and clinical
outcome in CAPD patients.
We have shown that the actual protein catabolic rate, calcu-
lated from the urea appearance rate, correlates positively with
indices of good nutrition. The discrepancy between the PCR
and the NPCR raises the fundamental issue of whether mea-
sures of solute removal should be adjusted directly by a
function of patient size. What the adjusting factor is remains
conjectural and is part of an on-going prospective study assess-
ing dialysis adequacy and nutrition.
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Appendix 1. Formulae for calculation of actual/normalized urea and
creatinine clearance, KTIV, dialysis index and efficacy number.
(1.) Actual clearance: (DIP x V) x 1.4
where (D/P) = Dialysate to plasma ratio of urea/creatinine
V = Effluent volume over 24 h (liters)
Normalized clearance: Actual clearance X (1 .73/BSA)
Where BSA = body surface area
(2.) KT/V: (DIP) urea x V/Vu
Where; (DIP) urea = Dialysate-to-plasma ratio of urea
V = Effluent volume over 24 hr (liters)
Vu = Volume of urea distribution (Watson)
(3.) Dialysis index: Actual DDDVlRequired DDDV
Where DDDV = Daily dialysate drainage volume
Req DDDV = (0.23 x dry wt) — (2.6 + 1.44 Kru)
1.44 Km Residual renal urea clearance (mi/mm)
Formula for calculation of the protein catabolic rate:
(1.) Randerson: PCR = 10.76 (Gun + 1.46)
(2.) Modified Borah: PCR = 9.35 Gun + 0.294 V + protein losses
(3.) Teehan: PCR = 6.25 (UNloss + 1.81 + 0.031 body wt)
Where
Gun = Urea nitrogen generation rate (mg/mm)V = Volume of urea distribution as calculated by the
Watson nomogram
body wt = Body weight
UNloss = urea nitrogen loss (g/day)
Formula for calculation of the normalized protein catabolic rate
(1.) NPCR = PCR/Dry weight(2.) NPCR = PCRJ(V/0.58)
Where
V = Volume of urea distribution, calculated from the Watson
nomogram
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